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The embryogenic capacities of flower explants from one- and two-week-old male inflorescence buds 
from Musa acuminata Cavendish, AAA, genotypes ‘Williams’ and ‘Grand Naine’ were investigated. 
Explants of hands with immature flowers were excised and induced for embryogenesis. Highly 
significant differences were found in the embryogenic response, depending on the genotype and the 
developmental stage of the buds from which the explants were excised. After four months of induction, 
the total percentage of callus formed ranged from 97.81% in explants of two-week-old ‘Williams’ buds 
to 52.11% in explants of two-week-old ‘Grand Naine’ buds. Embryogenic callus formation was, on 
average, higher in the two-week-old ‘Williams’ explants (10.01%) than in the one-week-old explants 
(0.78%). The opposite was true for ‘Grand Naine’, with 7.51% embryogenic callus produced in explants 
of one-week-old buds compared to 2.49% in two-week-old buds. Selected embryogenic calluses that 
were successfully established on proliferation medium led to embryogenic cell suspensions with good 
regeneration capacities. Fifteen to thirty-five percent of the embryos germinated, demonstrated high 
plant-conversion capacity (99%). The effect of the interaction between the developmental age of 
explant and the genotype on the embryogenesis response is discussed.  
 





Bananas and plantains (Musa sp.) are two of the world’s 
major fruit crops. They are the staple food for millions of 
people in the tropics (Bakry et al., 2009). Cavendish 
bananas dominate the world market for dessert bananas. 
Classical breeding is difficult in edible Musa sp. due to 
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embryogenesis is a valuable tool for use with Musa 
cultivars, for improvement by mass propagation of 
selected genotypes, mutagenesis, genetic transformation, 
protoplast fusion or other biotechnological applications 
(Strosse et al., 2003). In bananas and plantains, different 
types of explants have been used to induce embryogenic 
callus and regenerate plants. These include zygotic 
embryos (Cronauer-Mitra and Krikorian, 1988; Escalant 
and Teisson, 1989; Marroquin et al., 1993; Navarro et al., 
1997), rhizome and leaf sheaths (Novak et al., 1989), 
proliferating meristems and scalps (Cronauer and Krikorian, 
1983; Dhed’a et al., 1991) and immature male (Ma, 1991; 
Côte et al., 1996; Navarro et al., 1997; Grapin et al., 
2000; Pérez-Hernández and Rosell-Gracía, 2008) and 
female (Grapin et al., 1996) flowers. Of these explants, 
immature male flowers appear to be the most responsive 






Cavendish banana (Escalant et al., 1994; Côte et al., 
1996; Navarro et al., 1997; Domergue et al., 2000; Becker 
et al., 2000) and for mass propagation (Doreswamy and 
Sahijram, 1989; Wirakarnain et al., 2008). However, 
recent findings show that the efficiency outcome of 
embryogenesis using the scalp method (Strosse et al., 
2006) and technologies that use immature male flowers 
are comparable.  
Several endogenous and exogenous factors exert 
influences on the growth, development and performance 
of plant cells in culture (Neumann et al., 2009). Among 
these, the genotype, the developmental status of the 
“mother plant” and the type and developmental status (or 
age) of the plant organ from which the primary explants 
are obtained are of critical importance in eliciting the 
desired response to somatic embryogenesis (Botti and 
Vasil, 1984; Parrot, 1993; Neumann et al., 2009). The 
effect of the genotype and explant age on somatic 
embryogenesis has been investigated in several plant 
species, e.g., in coffee (Molina et al., 2002; Simões-
Costa et al., 2009), triticale (Atak et al., 2008), Brassica 
napus L. (Burbulis et al., 2007), Solanum trilobatum L. 
(Dhavala et al., 2009) and Anacardium occidentale L. 
(Martin, 2003). These studies demonstrate that these 
factors are of enormous significance for the outcome of 
the inducement of somatic embryogenesis. In banana, 
some data suggest that the parameters mentioned above 
are equally important for the development of somatic 
embryogenesis (Escalant et al., 1994; Chong et al., 2005).  
To gain insights into the mechanisms of somatic 
embryogenesis in Musa, the present study assesses the 
effect of the genotype and the developmental age of the 
male inflorescence bud, the source of the explant and the 
interaction between these two factors on the somatic 
embryogenesis capacities of two Musa acuminata, AAA, 




MATERIALS AND METHODS 
 
Plant materials and explant preparation  
 
To evaluate the influence of the developmental stage of the male 
inflorescence bud on somatic embryogenesis (SE), the buds were 
classified as age one or two week(s), according to their growth 
stage, defined as follows: After the bract subtending the most basal 
node or the first cluster of female flowers (fingers) opens, the 
flowers are at anthesis on day 1 to day 7; when the 7th cluster is 
completely exposed, the bud age is classified as one week. After 
the 8th bract has opened and has passed anthesis over the next 14- 
15 days and after the successive flowers have emerged, the bud 
age is classified as two weeks. 
‘Grand Naine’ and ‘Williams’ (AAA) male inflorescence buds of 
one and two weeks of age were collected from field-grown plants in 
a commercial plantation at Teapa, Tabasco, Mexico and used for in 
vitro culture within two days of collection. The collected male buds 
were washed in tap water and shortened to 6 - 8 cm in length by 
successively removing the bracts and the hands of the male flowers 
subtended by them. The buds were disinfected with 70% (v/v)  
ethanol for five minutes, rinsed three times  with  sterile  double-distilled  




water and further reduced in size to tips that were 3.0 cm longx1.0 
cm wide, under a laminar flow hood. To prevent dehydration of the 
tissues, the reduced tips were kept in a jar with 500 l of sterile 
double-distilled water during further processing.  
 
 
Induction of somatic embryogenesis 
 
The explants, that is, the hands of immature male flowers (IMFs), 
were isolated aseptically from the reduced buds by removing the 
bracts under a binocular stereomicroscope. The immature flower 
hands that were excised from positions 16 to 8 (1 being the hand 
closest to the meristematic dome of the male bud, Strosse et al., 
2003) of each bud were inoculated and cultured in jars containing 
semi-solid callus induction medium (M1). The medium is composed 
of MS salts and vitamins (Murashige and Skoog, 1962) supplemented 
with 5.71 µM IAA, 18 µM 2, 4-D, 5.4 µM NAA, 4.1 µM biotin, 87 mM 
sucrose (Escalant et al., 1994), and 2 g/L Gelrite. The medium was 
adjusted to pH 5.7 before autoclaving at 120°C for 20 min. The cut 
surface of the explant hand base, with its two rows of IMFs, was 
placed in contact with 25 ml of M1 medium in 100 ml containers 
(baby food jars), and the jars were sealed with plastic film (Kleen-
Pack). The cultures were kept in a growth room at 27 ± 2°C under 
total darkness and maintained without subculture for four months. 
The cultures were examined twice a week to record any visible 
changes in the appearance of the explants in culture. Following four 
months on M1, the percentages of embryogenic callus, yellow 
nodular callus, white compact callus and translucent callus formed 
were recorded after Strosse et al. (2003). 
 
 
Embryogenic callus proliferation 
 
After four months of culture, selected embryogenic calluses with 
expression of somatic embryos were placed on a modified proliferation 
medium based on Navarro et al. (1997), consisting of ½ strength 
MS salts supplemented with vitamins (Morel, 1950), 4.5 µM 2, 4-D, 
200mg/L KH2PO4, 174 mM sucrose, and 2 g/L Gelrite. The medium 
was adjusted to pH 5.8. The culture containers were sealed and 
maintained under induction conditions, and the medium was 
refreshed each month.  
 
 
Initiation and maintenance of the embryogenic cell suspension  
 
For initiation of embryogenic suspension cultures, approximately 
0.75 g fresh weight of embryogenic calluses with expression of 
early stage transparent embryos was transferred to 25 ml of 
proliferation medium (without the gelling agent and with full-strength 
MS salts and 87 mM sucrose) into 125 ml Erlenmeyer flasks. To 
allow for air exchange, the flasks were sealed with rubber stoppers 
with pre-drilled holes that were plugged with cotton. The cultures 
were agitated on an orbital shaker at 85 rpm in a growth room that 
was maintained at 27 ± 2°C in total darkness. The suspensions 
were filtered through a 380 µm pore size metallic mesh after the 
second week of culture, separating the primary calluses from the 
fine filtrate. Once the filtrate was recovered into a sterile 50 ml 
Falcon tube, after allowing the cells to sediment for 15 min, the 
settled cell volume (SCV) was measured. Two thirds of the liquid 
medium was refreshed, thereby maintaining ~ 3% SCV, as 
suggested by Strosse et al. (2006). The medium was changed 
every week during the first two months of establishment of the 
embryogenic suspension. Thereafter, the medium was changed 
every two weeks.  
 
 
Embryo germination and plant regeneration 
 
The somatic embryos were germinated after Navarro  et  al. (1997).  
 




In addition, the regeneration capacities of two embryogenic 
suspension lines were tested by plating 0.2 ml of each embryogenic 
cell suspension (ECS) onto semi-solid maturation medium (MM) (25 
ml in baby food jars), consisting of MS salts and vitamins 
supplemented with 0.43 µM kinetin, 0.23 µM zeatin, 87 mM 
sucrose, and 2 g/L Gelrite. Five replicates were plated for each line, 
and these were maintained for three to four weeks in darkness. The 
number of somatic embryos recovered per plated suspension was 
recorded by counting the embryos from each container before they 
were transferred to the germination medium. Next, the embryos 
were transferred to medium containing MS salts and vitamins 
supplemented with 87 mM sucrose, 2 g/L Gelrite and different 
combinations of 6-benzylaminopurine (BAP) and IAA, for one 
month. The combinations that were tested were GM1: 11.4 µM IAA 
and 2.22 µM BAP, GM2: 1.14 µM IAA and 0.22 µM BAP, GM3: 0.22 
µM BAP and GM4: free growth regulator. The plantlets were rooted 
on medium that was composed of ½ strength MS supplemented 
with 87 mM sucrose, and 2 g/L Gelrite (pH 5.8) for one month. The 
germination and rooting cultures were incubated at 27 ± 2°C under 




Experimental design and statistical analysis 
 
To induce calluses, two independent experiments, each with three 
replicates were used. Each replicate consisted of 20 jars, and each 
jar contained 9 explants (IMF hands from positions 16-8). The 
germination experiment was carried out using somatic embryos 
from the ‘Grand Naine’ cultivar derived from two independent 
embryogenic cell suspension lines, using four replicates per 
treatment. Each replicate used ten somatic embryos per container. 
The experimental design for both experiments used a randomised 
complete block (RCBD). Analysis of variance (ANOVA) was carried 
out using the MSTAT-C statistical program (Nissen, 1984). The 




Scanning electron and light microscopy 
 
For scanning electron microscopy, the tissues, IMFs hands and 
embryogenic callus with well-developed embryoids were fixed 
overnight in FAA fixative solution (formalin: acetic acid: alcohol) at 4 
± 1°C. After this, the FAA fixative was exchanged twice with fresh 
FAA, using additional 4-h incubations at 4 ± 1°C. Then, the 
embryoids were dehydrated by washing in an ethanol/water series 
that progressed to absolute ethanol. The samples were dried using 
the critical-point method and coated with a thin layer of gold. The 
samples were observed and photographed using a Jeol JSM-6460 
LC scanning electron microscope operating at 18 kV. Light microscopy 






Effect of the explant source age on the response to 
somatic embryogenesis  
 
Explants from IMF-hands (Figure 1a) of the M. acuminata 
AAA cultivars ‘Williams’ and ‘Grand Naine’ formed 
calluses on M1 medium after four months. This medium 
supported the growth and development of callus for the 





calluses were observed, that is, embryogenic callus, 
yellow nodular callus, white compact callus and translucent 
callus (Figures 1b-e, respectively). The percentage of 
explants that initiated the formation of callus depended 
more on the developmental stage of the male bud from 
which the explants were excised than on the cultivar. This 
is shown by the percentage of response estimated for 
each type of callus (Table 1). The total percentage of 
callus formed ranged from 97.81% in two-week-old 
explants of ‘Williams’ to 52.11% in two-week-old explants 
of ‘Grand Naine’. The results showed that the age of 
explant source had the greatest effect on the percentage 
of embryogenic callus that was induced. That is, explants 
derived from two-week-old male buds of ‘Williams’ 
showed the highest percentage of embryogenic callus 
development (10.01 ± 0.19%), whereas explants derived 
from one-week-old buds of the same genotype yielded a 
significantly lower percentage of embryogenic callus 
development (0.78 ± 0.78%). The inverse relation was 
observed for ‘Grand Naine’; explants from the one-week 
buds were associated with highest percentage of 
embryogenic callus growth (7.51 ± 0.19%), three times 
that of the two-week buds (2.49 ± 0.40%). Among the 
other callus types, the highest percentage was found in 
the yellow nodular callus that ranged from 51.39 to 
42.08%, followed by translucent callus that ranges from 
40.03 to 1.94% and white compact callus that ranged 
from 3.71 to 0.00% (Table 1). The analysis of variance 
showed highly significant differences (p < 0.01) between 
the genotypes for total callus and translucent callus 
formation, and between the two ages of the explant 
source in the development of embryogenic callus (p < 
0.01) and white compact callus (p < 0.05). Moreover, the 
interaction between the genotype and age of the explant 
source was significantly different (p < 0.01) for the 
embryogenic callus, translucent callus and total callus, 




Embryogenic callus proliferation 
 
Cultures of ‘Williams’ and ‘Grand Naine’ were examined 
twice a week for further development; after four months 
on induction medium; the explants (Figure 1a) formed 
embryogenic and yellow nodular calluses that predo-
minated in the cultures (Figures 1b - c). On transfer of the 
selected embryogenic callus onto proliferation medium, 
somatic embryos were produced. Some individual 
embryos separated from the embryogenic callus, cultured 
on proliferation medium, showed enhanced formation of 
secondary embryogenic callus after one month. White, 
compact and translucent calluses (Figures 1d, 1 left 
panel and 1e, respectively) were non-embryogenic and 
were eliminated from the cultures before the transfer to 
the proliferation medium. These calluses were not used 
during initiation of embryogenic suspension cultures.  
 






Figure 1. The somatic embryogenesis response of the initial explant (male flower primordia cultured on M1 
medium) and differentiation of the somatic embryos on MM medium. (a) A scanning electron micrograph of the 
flower primordia. (b) an embryogenic callus with expression of embryos (c) yellow nodular callus (d) white 
compact callus (e) translucent callus (f) individual developed somatic embryos on MM; at this stage, the 
cotyledonary slit (s) and the plumule (p) which are emerging from some embryos, are visible (g) a cluster of 
developing somatic embryos at different stages (h) a scanning electron micrograph of well-developed somatic 
embryos (E) and numerous embryoids (e). Scale bars: (a, f and g) 500 m, (b, c, d and e) 2.5 mm and (h) 200 
m.  
 




Table 1. The effect of the genotype and age of the male bud floral explant (in weeks) on callus formation after four 
months in culture on induction medium.  
 
Percent of response as different callus types  ±  SE Genotypes / 
age of MB Embryogenic Yellow nodular White compact Translucent 
Total callus 
W* 1 week 0.78D ± 0.78 51.39A ± 1.54 3.71A ± 0.71 21.83C ± 3.28 77.71B ± 0.73 
W 2 weeks 10.01A ± 0.19 46.67AB ± 1.67 1.11AB ± 1.11 40.03A ± 0.78 97.81A ± 1.10 
GN* 1 week 7.51B ± 0.19 42.08B ± 2.65 1.56AB ± 0.31 30.10B ± 2.11 81.25B ± 2.13 
GN 2 weeks 2.49C ± 0.40 47.68AB ± 3.65 0.00B ± 0.00 1.94D ± 1.30 52.11C ± 5.96 
 
W* = ‘Williams’ cv.; GN* = ‘Grand Naine’ cv. Means within the columns that have the same letters are statistically similar 





Figure 2. (a) The embryogenic cell suspension derived from ‘Grand Naine’ embryogenic calluses 
cultured in liquid medium, one month after the start of the culture. (b) ECS with cell aggregates. (c) 
the germination of somatic embryos on GM medium, showing shoot growth (SG) and root 
development (RD). (d) SE-regenerated banana plants. Scale bars: (a) 2 cm, (b) 100 m, (c) 1 cm 




Embryogenic cell suspension and plant regeneration 
 
Cell suspensions, initiated with calluses like those 
depicted in Figure 1b and Figure 1g, were generated after 
about 6-8 weeks of culture. Fine ECS were recognised 
with high proportion ( 75 - 80%) of cell aggregates and 
pro-embryos (Figures 2a and b). The first sign of the 
formation of somatic embryos occurred approximately 3 - 
4 weeks after the plating of ECS onto MM. This was 
revealed by an increase in size and development of the 
somatic embryos, and by the presence of the cotyle-
donary slit (Figure 1f, marked “s” in the figure). On the 
average, the suspensions yielded 1.2 x 105 embryos per 
ml of SCV. The emergence of the plumule in the embryos 
on MM (Figure 1f, marked “p” in the figure) was a clear 
early sign of the appropriate time for the transfer onto 
germination media (GM) (Figure 2c). On transfer of the 
embryos onto different GM media, the embryos germinated  
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Figure 3. The average germination percentage of ‘Grand Naine’ somatic embryos on germination medium with different growth-
regulator combinations. The bars with the same letters are statistically similar (using Duncan’s multiple range test, p < 0.01). The 




after about one month. The percentage of germination 
ranged from 15 to 35%, depending on the combination of 
the growth regulators used (Figure 3). Thus, the average 
regeneration frequency for the ‘Grand Naine’ somatic 
embryos ranged from 1.67 x 104 to 3.9 x 104 plants per ml 
of the settled cells. These values were calculated for the 
germinated embryos on medium that was free of growth 
regulators (GM4) and GM2 (0.22 M BAP and 1.14 M 
IAA), respectively. There were highly significant differences 
(p < 0.01) in the percentage of germination between the 
growth regulator combinations. When the plant-growth 
regulators were omitted from the medium (GM4), the 
lowest percentage of embryo germination was observed 
(15%). This was followed by 17.5% for the GM3 medium 
(0.22 BAP). In contrast, GM1 medium (2.22 M BAP and 
11.4 M IAA) showed an intermediate germination 
percentage (22.5%) and GM2 (0.22 M BAP and 1.14 M 
IAA) was the best (35%). Figure 2c illustrates the 
germination of somatic embryos on GM medium. In the 
figure, the more advanced embryo showed first the 
growth of a green shoot, then root development. After 
germination, the plantlets were transferred to rooting 
medium. Later rooted plants were transferred successfully 
(99%) to potting medium (peat moss). Figure 2d shows 
some of the regenerated Musa plants that were derived 




To our knowledge, this is the first report that addresses 
the effect of the age of the inflorescence male bud and its 
interaction with the genotype on the formation of embryo-
genic callus during the somatic embryogenesis induction 
phase in bananas. The evidence presented here supports 
the widely-held idea that these parameters play a critical 
role in the outcome and the progress of embryogenic 
competence that is triggered in the cells of the explant by 
the auxins that are present in the culture medium. 
Using two Musa Cavendish AAA genotypes, we were 
able to demonstrate in this study that the maturation 
stage or age of the male bud, from which the explant was 
sourced, plays a key role during the earliest steps of the 
standardization of the somatic embryogenesis using the 
IMF-method in bananas. Of the two bud-ages investigated 
for the ‘Williams’ genotype, the explants derived from the 
two-week-old IMF-buds showed superior embryogenic 
callus formation to the one-week-old buds, indicating that 
matured explant sources formed more embryogenic callus 
than the younger ones in this genotype. The inverse 
relation was observed for ‘Grand Naine’. These inverse 
responses to the age of the explant sources show that 
the effect is dependent on the genotype during initiation 
of the somatic embryogenesis process. The callus-
induction responses found here for both Cavendish cultivars  
 




are comparable to the levels reported using the IMF-
method by others. For example, Escalant et al. (1994), 
found a variable 0-7% embryogenic response within five 
different banana and plantain genotypes, including Musa 
(AAA) ‘Grande Naine’; Navarro et al. (1997), obtained a 
variable 2 - 6% embryogenic callus response for ‘‘Grand 
Naine’’ and Strosse et al. (2003) reported a mean 
percentage of ideal embryogenic callus of 8% for ‘‘Grand 
Naine’’. Moreover, our data is also within the range that 
has been described for the scalp-method for ‘Williams’ 
(10%, Xu et al., 2005) and other Cavendish-type bananas 
(0.1 to 6.2%). These observations support the opinion of 
Strosse et al. (2006) that both methods yield rather 
similar results once embryogenesis has been induced.  
It is generally accepted that the successful culture of 
plant material in vitro is influenced greatly by the develop-
mental age of the tissues or organs that are used as the 
source of the explants (George et al., 2008). Here, we 
show the effect of the ontogenetic age of the male bud of 
the inflorescence on the induction of somatic embryo-
genesis. It is reasonable to suggest that these results are 
attributable to the maturation age of the inflorescence 
bud, and not to effects arising from the position of the 
IMF-hands that were used for induction, as the 
experimental design minimised this possibility by using 
the same position (that is, flowers from the 8th to 16th 
position in each container). In addition, the environmental 
effects were minimised by using explants that had been 
collected simultaneously from both genotypes growing 
under similar cultural and field conditions. The IMF 
position effect on the formation of embryogenic callus in 
‘Grand Naine’ has been established by Escalant et al. 
(1994) who reported that ca. 74% of the embryogenic 
clusters formed were on IMF positions 7 to 13, and that 
the embryogenic potential was affected not only by 
differences in the genotype, but also by seasonal effects. 
In agreement with this finding, Chong et al. (2005) 
reported that the predominant response occurred within 
flowers from the 8th to the 15th position. This positional 
effect is perhaps more related to the age of the explant 
tissue (in terms of its degree of differentiation, along a 
gradient in the organ) than to the maturation stage of the 
organ as judged by our results. Considering the outcome 
that has been discussed above, together with the 
significant (p < 0.05) difference that was found between 
the genotypes in terms of the total callus induction 
responses, this work suggests that the protocols that are 
used should be broad enough to capture the full range of 
possible genetic and developmental differences for each 
genotype. This is especially important because the avail-
ability of embryogenesis-competent explants is a common 
goal when establishing good quality Musa embryogenic 
suspension cultures. Therefore, to increase the initial 
number of good responsive explants, the first step in the 
protocol should be to identify the optimum window of 
competence for each explant-genotype and take advantage 
of factors that  give  the  highest  response. The regene- 





estimated from the average number of somatic embryos 
that are differentiated in the maturation media from the 
plated fixed volume and the average percentage of 
geminated embryos. The present data is comparable to 
that found previously in the literature. For example, Cote 
et al. (1996) reported an average of 3.7 x 105 embryos 
per ml of settled cell volume with a 3 - 20% germination 
percentage for Musa AAA, ‘Grande Naine’, Chong et al. 
(2005) reported an average of 3.0 x 105 embryos per ml 
with a 80.5% germination percentage for Musa AAA 
‘Grande Naine’ and Xu et al. (2005) obtained an ECS 
yield of 0.92-2.17 x 105 embryos per ml with a 4.12 - 
10.5% conversion frequency for Musa AAA ‘Williams’. 
The germination of somatic embryos and their conver-
sion into vigorous plantlets depends on the history of the 
tissue in culture, the presence and type of growth regulators 
and the type of cell aggregates in the suspension. In this 
work, it was found that there was a twofold increase in 
germination when a proper combination of IAA and BAP 
was used. Comparable values of 13 to 25% embryo/ 
plant conversion rates using GM1 have been reported by 
Navarro et al. (1997) for ‘Grand Naine’ (AAA), whereas, 
using the same genotype and a medium of the same 
composition as the GM2 combination, Cóte et al. (1996) 
reported a range of 3 to 20% germination percentage. In 
the latter work, the authors found that the rate of 
germination depended on the size of the embryos at the 
stage when they were transferred to the germination 
medium. Domergue et al. (2000) reported a range of 0 to 
91.4% germination percentage, and this was dependent 
upon the type of cell aggregates from which the embryos 
were differentiated. Daniels et al. (2003), using a GM1 
medium in combination with 0.01 mg/L Biobras-6 and the 
tetraploid cultivar FHIA-21 (AAAB), found a range from 
36.25 to 81.25% germination percentage that depended 
on the cell density. More recently, the presence of 
abscisic acid (ABA) and BAP during the differentiation of 
the embryos in the maturation phase has been found to 
enhance germination up to 80% in a plantain (AAB) 
cultivar (Sholi et al., 2009). In summary, the precise role 
of different growth regulators such as IAA, BAP, brass-
inosteroids and ABA (together with other osmotic stressors) 
remains to be determined during the maturation of 
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